Ab initio electronic structure calculations show that the recently identified quasi-two-dimensional electride Y 2 C is a weak itinerant ferromagnet or at least close to a ferromagnetic instability. The ferromagnetism is induced by the electride electrons, which are loosely bound around interstitial sites and overlap with each other to form two-dimensional interlayer conduction bands. The semimetallicity and two-dimensionality of the band structure are the key to understanding this ferromagnetic instability.
This finding inspired a search for further 2D electrides using ab initio calculations. Walsh and Scanlon found Sr 2 N and Ba 2 N to be 2D electrides. 8 We carried out an extensive database screening followed by ab initio calculations to identify, in addition to Sr 2 N and Ba 2 N, six carbides (Y 2 C and 4f lanthanide carbides Ln 2 C where Ln=Gd, Tb, Dy, Ho, Er) to be 2D electrides. 9 Tada et al. 10 investigated, in addition to Sr 2 N, Ba 2 N and Y 2 C, some 2D
electrides not yet registered in current inorganic material databases. Despite their identical crystal structure (anti-CdCl 2 structure with unit cell M 2 X, space group R3m), the nitrides are ferromagnets with a weakly ferrimagnetic spin order. Y 2 C is a marginal and less clearcut case requiring a careful investigation to determine its ground state. A magnetization measurement found no ferromagnetic transition down to a temperature of 2 K, 11 which led us to report only spin-nonpolarized calculations for Y 2 C in our previous paper.
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In the present paper, we investigate the electronic structure of Y As shown below, the interlayer electrons are loosely bound around the interstitial sites . [15] [16] [17] [18] The FLAPW method takes into account all the electrons on an equal footing and is "the most accurate method for electronic structure at the present time." 19 The PAW method treats core electrons as frozen and is therefore more efficient at the cost of losing some accuracy. In our calculations, the 2s and 2p orbitals of C and the 4s, 4p, 5s and 4d orbitals of Y were taken into account, while lower-energy orbitals were frozen and ignored. The specific GGA potentials used were PBE 20 and PW91 21 for (1) and (2), respectively. To reinforce these calculations, we also carried out plane-wave-based calculations using screened Heyd-Scuseria-Ernzerhof (HSE06) hybrid functional method, 22, 23 as implemented in VASP, which goes beyond the density functional theory by mixing PBE exchange and exact exchange.
For FLAPW calculations, we employed cutoff energies of 163 eV and 653 eV for the wave functions and charge/potential, respectively, and k-integration was carried out in the conventional (hexagonal) Brillouin zone (BZ) using a 12 × 12 × 4 Γ-centered sampling mesh. For PAW calculations, the plane waves were cut off at 800 eV, and integration over the primitive (rhombohedral) BZ was performed using a 17 × 17 × 17 Γ-centered mesh. The hybrid calculations were performed with cutoff energy of 400 eV and a sampling mesh of 16 × 16 × 16. For both spin-polarized and spin-nonpolarized cases, the structure was relaxed using the PAW method until the force acting on each ion became less than 0.7 meV/Å. The optimized structures were used in FLAPW and hybrid functional calculations.
Results and Discussion: Table I surfaces in Fig. 1(d) , the electron pockets include the P 1 , F and L points, and the hole pockets include the Q≡X and B≡B 1 points at the boundary of the BZ. To identify the interlayer states, we placed an empty sphere of 1.8Å radius at the interstitial site inside the interlayer gap [red cross in Fig. 1(a) ] and projected the wave functions onto this sphere to obtain the partial density of states (PDOS) for the interstitial site. The result shown in Fig. 2(c) indicates that the interlayer states span a rather narrow energy range of -1 to +0.4 eV. Inspection of the charge density for these states reveals that it is indeed confined in the interlayer gap with a maximum of approximate s symmetry at the interstitial site.
Therefore, the interlayer band may be viewed as arising from the 2D lattice of overlapping virtual orbitals (quasiatoms) having s symmetry at interstices. ferromagnetic state, there is only one majority spin band crossing the Fermi level and this band has electron pockets enclosing P 1 , F and L [ Fig. 1(e) ]. For the minority spin channel, the lower conduction band has hole pockets enclosing Q≡X and B≡B 1 , and the upper conduction band has small electron pockets slightly off P 1 towards Z [ Fig. 1(f) ]. It was found that magnetization decreases, rather than increases, as U is increased from 0, which would be difficult to understand if the d electrons are driving the ferromagnetism.
In a wide range of itinerant ferromagnets, the ferromagnetism is understood to arise from a Stoner-type instability, 24 i.e., energy is lowered by the exchange splitting of a sharp DOS peak around E F . The criterion for this instability is D(E F )I > 1 where I is the exchange parameter. This condition, derived originally using a simple molecular field argument postulating intra-atomic exchange, has been shown to be much more general and is applicable to both intra-atomic and more extended exchange interactions between the electrons. 25 This
Stoner-type mechanism appears to operate in Y 2 C as can be seen from the DOS in Fig. 2 .
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Recently, Pickard and Needs 4 have made an important prediction based on the density functional theory that the interstitial electrons in alkali metals at high pressures (also electrides)
would exhibit a Stoner-type instability towards ferromagnetism. Our results indicate that the interlayer electrons in Y 2 C may show a similar instability at ambient pressure.
One may wonder what causes the DOS to have a peak around E F . The dashed curves in Fig. 4 denote the DOSs of the lower conduction band (LCB) and upper conduction band (UCB) for the spin-nonpolarized state. Both curves drop sharply to zero in a step function manner toward the edge (highlighted by a red circle), which is characteristic of a 2D electron system. As Y 2 C is a semimetal, the two bands overlap near E F and cause their sum (total DOS, solid curve) to have a peak at E F . Such an enhancement of DOS at E F is expected to occur generally in semimetals with 2D conduction bands. 
